and transcription factors, and altered levels would not 215: 223-228 affect the vitamin D system exclusively. A recent report 3. Bikle DD, Gee E. Free, and not total, 1,25-dihydroxyvitamin D demonstrated reduced RXR levels in hyperplastic para- Key words: calcitriol, uraemia, vitamin D uptake, renal calcium losses, and calcium exchange at the bone. Calcaemia itself influences PTH secretion. In the classical model [1] both a rise in blood calcium and calcitriol cause a negative feed-back on PTH release, whereas both PTH and calcitriol cause a rise
enhanced, and a new equilibrium is found, however, at the expense of a loss of the calcium content in the bone. The end-point is hyperparathyroidism; the degree of this PTH hypersecretion may, however, largely differ from patient to patient, and within the same patient, from time-point to time-point in his/her evolution.
This imbalance is further affected by phosphate; renal failure causes phosphate retention, which in turn causes serum calcium to decrease, with the abovementioned consequences on calcitriol and PTH. In addition, phosphate itself also decreases calcitriol and increases PTH directly or indirectly [2] .
Curiously enough, several studies point to the fact that at the initiation stage of chronic renal failure, without supplementation of vitamin D analogues, calcitriol levels remain normal; in spite of this, PTH is elevated [3] . This data suggests the development of a certain degree of vitamin D resistance, as both the metabolic degradation of calcitriol and the inhibition of PTH secretion are regulated by calcitriol. These findings have, however, not consistently been confirmed [2,4], but this might be attributed to differences in patient selection, e.g. with regard to kidney function.
Several additional arguments point in the direction of calcitriol resistance in renal failure. Already in to increasing supplements of calcitriol, urinary calcium remains lower in early renal failure, compared to Decreased calcitriol receptor content healthy subjects [3] . Also in rats with moderate renal failure (reduction of GRF <50%), PTH increases It is of note that under normal conditions calcitriol compared to sham-treated rats with normal renal funcupregulates its own receptor, i.e. increasing serum tion, in spite of identical serum calcitriol levels [6 ] .
calcitriol induces an increase of VDR. VDR content All these data suggests that the response to calcitriol in uraemia has most frequently been studied in parais depressed, even if the fall in calcitriol levels normally thyroid glands. A decrease in VDR of parathyroid occuring with renal failure can be prevented. Calcitriol glands has been demonstrated in the rat [7] , the dog exerts its biological actions through binding with the [8] , and in men [9] . Similar data were also reported calcitriol receptor, which has two functional domains, for human peripheral blood mononuclear cells [10] one hormone binding and one DNA-binding. The DNA-binding domain has similarities to that of other and rat intestine [11] . steroid hormone receptors (e.g. glucocorticoid, oestroSzabo et al. could not confirm this decrease in VDR gen, thyroid, and retinoic acid receptors). After com-expression in parathyroid glands of uraemic patients plexation of calcitriol with the vitamin D receptor [12] . The reason for this inconsistency remains unclear. ( VDR), binding occurs with the DNA of vitamin-D-One of the reasons could be that in the studies by responsive elements ( VDREs-e.g. osteocalcin, osteo-Szabo et al., protease inhibitors were used in the pontin, 9K calcium binding protein gene), which are experimental set-up, preventing proteolytic degradapresent in vitamin D responsive genes.
tion of the receptor during its preparation from the Impaired response to vitamin D at the receptor level uraemic sample. This approach had not been followed could be the consequence of: (i) decreased binding of in earlier studies. However, later studies, where proteocalcitriol to the VDR; (ii) decreased expression of the lysis was prevented in a similar way as in the study by VDR; (iii) decreased binding affinity of the vitamin Szabo et al., nevertheless also demonstrated a decrease D-VDR complex to the VDREs (Figure 1) . of VDR [7] . What is the evidence that one or more mechanism Another possible explanation for these divergences, play a role in uraemia? If this were the case, hyperpara-is that the expression of VDR depends on the type of thyroidism would not be prevented, even if adequate parathyroid hyperplasia, which may be nodular or calcitriol levels can be obtained.
diffuse. Hyperplastic parathyroids of the nodular type contain substantially less VDR than glands of the Decreased binding of calcitriol to the VDR diffuse type [13] . Even if the parathyroid glands from the experiments by Szabo et al. contain a similar number of VDR, This issue has been studied repeatedly. In none of with or without renal failure, the normal upregulation these studies could a decrease of binding affinity be demonstrated.
in response to calcitriol is inverted in the uraemic condition [12] . Parellel data were reported by Koyama proliferative, prodifferentiating, and immunosuppressive actions have been demonstrated. et al. in duodenum of rats with chronic renal failure [14] .
Macrophages are potential targets for immunomodulatory action of 1,25(OH ) 2 D3. Following treatment Several authors have studied the levels of VDRmRNA in renal failure, but a decrease could not with 1,25(OH ) 2 D3, macrophages exhibit enhanced antimicrobial action. 1,25(OH ) 2 D3 regulates cytotoxic be demonstrated [12, 14, 15] . Also the changes in VDRmRNA in reponse to calcitriol administration cells and biosynthesis of immunologically active humoral substances [22] . were similar in the uraemic and in the normal condition. Infusion of uraemic ultrafiltrate to rats resulted
The question arises whether the uraemic milieu also blunts this aspect of response to vitamin D. Recently in a rise of VDRmRNA in spite of a fall in VDR [15] . These data suggests that uraemic toxins inhibit VDR we could demonstrate that uraemic ultrafiltrate obliterated the calcitriol-induced CD14-expression on the synthesis at the post-transcriptional level.
surface of isolated monocytes in culture [23] . Preliminary data suggest that a similar inhibitory
Decreased binding affinity of VDR with VDRE
action is observed with respect to the differentiation of the promyelocytic leukemia cell line, HL-60, to In earlier studies based on DNA-cellulose chromato-differentiate (unpublished results). graphy it has been suggested that interaction of VDR with DNA was inhibited in chronic renal failure [11] .
Binding affinity of the hormone receptor for DNA was Conclusions also reduced when the receptor was preincubated with uraemic ultrafiltrate [16 ] . Again, these findings were End-stage renal disease is characterized by a state of not uniformly confirmed [17] .
relative calcitriol resistance. The following mechanisms Hsu et al. used the electrophoretic mobility shift play a possible role: (i) lower expression of VDR, at assay to compare the ability of VDRs from normal baseline and in response to calcitriol; (ii) diminished and renal failure rats to bind to the osteocalcin gene VDR binding to VDRE. One of the consequences is VDRE [18] . DNA binding capacity was reduced by decreased breakdown of calcitriol. VDR and VDRE 50% in renal failure rats. In transfected JEG-3 cells, play an important role in the hormonal regulation of calcitriol-induced reporter gene expression was blocked Ca/P metabolism and homeostasis of the bone, but by uremic ultrafiltrate [18] .
may also play a role in other systems, e.g. the Using the same electrophoretic assay, Sawaya et 
